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Goals and Objectives

MAC will further develop light-weight AUAVs as affordable, viable, and cost-
effective observing platforms for environmental sciences

The particular emphasis of MAC is to demonstrate that light-weight AUAVs can fill
an important and vital gap in our measurement capability by sampling cloudy
layers from all sides simultaneously (Flying AUAVs in stacked formation)

The fundamental science objective of the MAC is to provide new insight into how
aerosols and clouds regulate the planetary albedo, with particular emphasis on
how anthropogenic aerosols modify the albedo of cloudy skies (the so-called
indirect effect)

Specific MAC objectives:
Measures the aerosol radiative forcing and cloud forcing directly from
observations; and subsequently relate the measured forcing to in-situ aerosol and
cloud microphysical measurements from AUAVs (via climate models)

Provides vertical and horizontal profiling in the atmosphere to compliment
surface measurements taken at MCO-Hanimaadhoo and MCO-Gan.



MAC Specific Goals and Objectives

Technology Demonstration:

3 UAV Stacked Flights with instruments for near simultaneous measurements*
of aerosols, BC, cloud microphysics and solar radiation fluxes in cloudy and
polluted atmosphere.
*(The 20-20 vision)

Science Demonstration:

1. Direct measurement of solar absorption in the atmosphere
2. Linking aerosols with atmospheric solar absorption and cloud microphysical
properties
3. Linking aerosols and cloud microphysical properties with cloudy sky albedos
4. Linking aerosols and BC with cloudy sky absorption
5. Vertical profiles of aerosols, clouds and radiation fluxes



The MAC Observing SystemThe MAC Observing System

Aerosol Concentration and Distribution

Incoming & Reflected Solar Radiation

Cloud Drop Size & Concentration

Total Liquid Water Content

Aerosols & BC Concentration and Distribution

Incoming and Reflected Solar Radiation

Lidar, CCN Spectrometer,

Aerosols, BC, Radiometers Project ABC MCO-H



ABC Observatories

Pyramid Site



ABC Observatories

Hanimaadhoo Island

village

Airport





3.9 kg5.3 kg5.4 kgTotal weight

Aerosol
Total CN (CPC; >0.01 m)

Size distribution (OPC; 0.3-3.0 m)

Black Carbon (Aethalometer; 370,

                             520, and 880nm)

Radiation
Up/Down Pyranometer (0.3-2.8 m)

UP/Down PAR (0.4-0.7 m)

Clouds
Cloud droplet probe (1-50 m)

Liquid water content probe

Turbulence
Gust probe

Met. Parameters (T, RH, P)

Aerosol inlet + flow splitter + cyclone

Data Acquisition system

Video Camera + Downlink

Miscellaneous + Batteries

Below

Cloud (BC)

In-Cloud

(IC)

Above Cloud

(AC)

Instruments

MAC Lightweight Instrumentation





MAC flight summary

Total number of missions = 19

Total flight hours = 126 hrs

Total takeoffs = 55

Total landings = 54

3UAV’s in stacked formation missions = 10

2UAV’s in stacked formation missions = 7

MAC scientific data summary

Total hours of aerosol measurements = 70 hrs

Total hours of aerosol vertical profiling = 15 hrs

Total hours of Black Carbon measurements = 45 hrs

Total hours of Black Carbon profiling = 27 hrs

Total hours of clouds probing = 39 hrs

Total hours of absorption measurements = 27 hrs

Total hours of albedo measurements = 70 hrs

Total hours of wing to wing comparison flights  = 2 hrs
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March 7 2006
ITCZ was south of Equator

March 31 2006
Northward shift  started



March 19 2006

850 mb winds

March 23 2006

850 mb winds

Beginning of Dust EventsBeginning of Dust Events

Termination of S Asian

Pollution Few days later



Validation 1, with Ground Observations



Validation of Total Aerosol Concentrations

CPC : MCOH vs MAC; Mar 01-31, 2006

MCOH MAC-Below Cloud
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Validation of Black Carbon Mass Density



Comparison of Solar Radiation Fluxes



Validation 2-

Consistency and Repeatability of Measurements:

UAV to UAV comparison



MAC-CPC vertical profile, March 12 2006
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Wing to wing comparison – March 28, 2006



Preliminary Scientific Findings



MAC-AC-T vertical profile, Mar17~30 2006, (ascending)

0

500

1000

1500

2000

2500

3000

3500

0 5 10 15 20 25 30 35

T  (
o
C)

H
e

ig
h

t 
(m

)

MAR-20

MAR-21

MAR-22

MAR-23

MAR-24

MAR-29

MAR-30

MAC-AC-T vertical profile, Mar06~16 2006, (ascending), 
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MAC-AC-CPC vertical profile, Mar06~16 2006, 

(ascending), dH/dt>3ft
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Broadband & Visible Albedo

Zenith angle, deg

MAR



Direct Measurements of Solar Absorption



*RH: Measured Temperature and Humidity  profile by MAC

Absorption (1500-3000m)
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MAC F1~18, In-cloud, Mar 06~31 2006
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Next Step in the UAV System: A Proposal

  I.  Bring in Advanced Technology in Miniaturization and Multiple

UAV operations.

  Integrate MEMS, NANO-Technology and Sensor Networking

II. Address an outstanding and Major Issue in Reducing Uncertainty

 in Climate Forcing & Long Range Transport of Air Pollution

  Role of   Dust Mixed with Pollution: Mongolian_Gobi Dust

Mized with East Asian Pollution & Transported Across the Pacific

Ocean

III. When? April 2008; Where: 6 UAVs from S. Korea and 3 UAVs

    from Midway or N. California





UAV_ Sensor Observing Systems Technology

Sensors
MEMS;

Nano;

Conventional

UAVs;
6 from Korea

3 from N.

America

Sensor & UAV

Networking

Aerosol & Cloud Sat;

ABC Ground Stations in Korea/China
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